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The purpose of this study was to describe incomerelated inequalities in dental service utilization by the elderly populations residing in different European countries. We used data from the Survey of Health, Ageing, and Retirement in Europe (SHARE Wave 2), which contains information on utilization of dental services by 33,358 individuals aged 50+ years from 14 different countries. We assessed income-related inequalities in dental attendance and preventive and/or operative dental treatment by means of Concentration Indices (CI) and Slope Indices of Inequality (SII). We could identify a disproportionate concentration of access to treatment among the rich elderly populations in all 14 countries (relative inequality according to CI), as well as significantly higher access to treatment by individuals located in the highest in relation to the lowest income group for all countries except Italy and the Czech Republic (absolute inequality according to SII). Such differential utilization appears mainly attributable to inequalities in preventive dental visits, either alone or in combination with operative treatment. Persons' oral health status explains substantial proportions of absolute but not of relative inequalities. Overall, there is considerable income-related inequality in dental service utilization by several elderly populations residing in Europe. More research is needed to identify the exact causes of such disparities.
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InTRODuCTIOn
I n recent years, elderly populations have increasingly received attention from health policy and clinical decision-makers (United Nations Population Fund, 2002; Harford, 2009) . This is mainly due to economic considerations that identify population aging as one factor for steadily increasing expenditures for dental (Grytten, 1990; Kleinman et al., 2009 ) and health care (Reinhardt, 2003; Caley and Sidhu, 2011) . Despite its relevance for the planning of future treatment needs and the development of an accordingly shaped allocation of resources [e.g., workforce planning, see Brown and Lazar (1999) ], little is known about socio-economic inequalities in the utilization of dental services by the elderly populations within European countries. Such information, however, may enable us to gain a better understanding of dental attendance patterns of different socio-economic groups, and, ultimately, to provide guidance for decision-makers in dental services.
It has been well documented that there exists a socio-economic gradient in oral health, i.e., individuals from the lower end of the socio-economic scale usually have a worse oral health status than do individuals with higher socio-economic status (Watt and Sheiham, 1999; Locker, 2000; Gilbert et al., 2003; Enjary et al., 2006; Jamieson and Thomson, 2006; López et al., 2006; Makhija et al., 2006; Sanders et al., 2006; Tellez et al., 2006; Armfield, 2007; Watt, 2007; Holst, 2008; Du et al., 2009; Tsakos et al., 2009; Do et al., 2010; Ståhlnacke et al., 2010; Bernabé and Marcenes, 2010) . While there is disagreement about the exact explanation for such a socio-economic gradient in oral health (Petersen, 2005; Brunner and Marmot, 2006; Sisson, 2007) , it has frequently been suggested that dental attendance patterns are one pathway through which differences in oral health may emerge. In particular, regular and frequent dental attendance has been shown to be associated with better oral health and to be more common among individuals with higher socio-economic status, and vice versa (Unell et al., 1999; McGrath and Bedi, 2001; Petersen et al, 2004; Dye and Selwitz, 2005; Krustrup and Petersen, 2006; Sanders et al., 2006; Donaldson et al., 2008; Pavi et al., 2010) .
To the best of our knowledge, socio-economic inequalities in the elderly population's dental attendance in European countries have never been investigated. The purpose of this paper is, therefore, to describe such inequalities in the utilization of dental services by persons aged 50 and above from different European countries.
DATASET AnD MEASuREMEnT Of SOCIO-ECOnOMIC InEquAlITY
The analysis presented here is based on data from Wave 2 of the Survey of Health, Ageing, and Retirement in Europe (SHARE). These data were collected in [2006] [2007] . A detailed description of the process of data collection has been published previously (Börsch-Supan et al., 2008) . The survey is modeled closely after the US Health and Retirement Study (HRS) and is the first Income-related Inequalities in Dental Service utilization by Europeans Aged 50+
European dataset to combine extensive cross-national information on socio-economic status, health, and family conditions of the elderly population. Wave 2 contains information on utilization of dental services by 33,358 individuals from 14 different countries. The latter represent Europe's economic, social, institutional, and cultural diversity from Scandinavia to the Mediterranean.
Our data source provides information on access to dental services ("any treatment") and utilization of preventive (i.e., routine dental check-ups and scaling/polishing) and/or operative treatment, the latter including restorative, endodontic, periodontal, and prosthodontic interventions. Table 1 presents incidence rates of dental treatment within the 12 mos preceding the survey, by respondents' country of residence, and suggests substantive differences in utilization of dental treatment; e.g., about 81% of Swedish but only about 24% of Polish respondents reported having seen a dentist within the preceding year. Table 1 also shows summary statistics for respondents' average net monthly equivalence income (in €), which is our measure of socio-economic status. It is specified according to the so-called OECDmodified equivalence scale (Hagenaars et al., 1994) . This discount scale takes into account household size and age of household members, i.e., children aged 14 yrs or younger are assumed to contribute less to household consumption than do other household members who are older than 14 yrs and, particularly, the household head (Appendix, formula F.1).
We identified socio-economic inequality in dental service utilization using the Concentration Index (CI) (Kakwani, 1977 (Kakwani, , 1980 and the Slope Index of Inequality (SII). The SII (Appendix, formula F.2) quantifies the degree of absolute socio-economic inequality in a health variable (Pamuk, 1985) . It has been used, e.g., to measure socio-economic inequalities in dental caries among adolescents (Perera and Ekanayake, 2008) . In our study, it describes the difference in dental utilization when moving from the lowest to the highest decile of equalized income. The CI (Appendix, formula F.3) quantifies the degree of relative socioeconomic inequality in a health variable and is derived from the "concentration curve" (Kakwani et al., 1997) . It has been used, e.g., to measure the degree of socio-economic-related inequality in childhood caries (Do et al., 2010) and oral health care utilization (Somkotra and Detsomboonrat, 2009; Somkotra and Vachirarojpisan, 2009) . The definition of the CI in our study is as follows: If the CI is zero, it indicates that there is no incomerelated inequality regarding utilization of dental services; a positive (negative) value of the CI indicates a disproportionate concentration of the utilization variable among the rich (poor). In other words, a positive (negative) value of the Concentration Index means that utilization is higher among the rich (poor). This is also referred to as "pro-rich" ("pro-poor") income-related inequality. Note that the Index is bounded between -1 and 1. Interpreting CIs is not straightforward; however, multiplying the value of the Concentration Index by 75 gives the percentage of utilization that would need to be redistributed from the richer to the poorer half of the population (in the case of pro-rich inequality) to obtain a CI equal to zero (Koolman and van Doorslaer, 2004) . We first provide CIs and SIIs for the full sample. To identify potential causes of income-related inequalities in dental service utilization, we then additionally provide separate measures of inequality according to (1) individual's denture status and (2) individual's retirement status. The rationale for splitting the sample according to denture status is to adjust for oral health status. Within SHARE, denture-wearing is the only objective measure of oral health and is reported as a binary variable (respondent wears a denture or not). Similarly, the rationale for splitting the sample according to retirement status is to control for 'dislike dental utilization' patterns by those still working and those who are retired (see Appendix Table 1 for descriptive statistics). Statistically significant differences between subsamples are identified by means of pairwise t tests, with no adjustment made for multiple testing. All data analysis was carried out with the software package STATA/SE 10.1 (StataCorp, College Station, TX, USA). The level of statistical significance was generally set at 5%. Table 2a shows CIs for the full sample. Inequalities in access to dental treatment are identified in column 1. For all countries, the CI is positive and statistically significant, indicating pro-rich inequality in accessing dental services. In decreasing order of inequality, the countries rank as follows (in parentheses: required redistribution of utilization from the richer to the poorer half of the population, to obtain zero inequality): Poland (9.78%), Spain (9.05%), Austria (6.99%), Belgium (6.30%), Netherlands (5.67%), Greece (5.09%), Denmark (5.08%), France (4.93 %), Ireland (4.91%), Switzerland (4.21%), Sweden (3.26%), Italy (3.21%), the Czech Republic (2.41%), and Germany (1.91%).
RESulTS

Relative Inequalities
Column 2 of Table 2a shows CIs for preventive dental visits. For all countries except Germany, Italy, Greece, and Ireland, the parameter estimates are positive and statistically significant, i.e., indicating pro-rich inequality in utilization of preventive treatment. Similarly, column 4 shows positive significant CIs for all countries except Spain, Switzerland, the Czech Republic, and Ireland, which indicates pro-rich inequality in joint utilization of preventive and operative treatment. For operative treatment alone, and unlike other columns of Table 2b shows SIIs for the full sample. Inequalities in access to dental treatment are identified in column 1. For all countries except Italy and the Czech Republic, the SII is positive and statistically significant, indicating an increase in dental access when moving from the lowest to the highest income groups. In decreasing order of inequality, the countries rank as follows (in parentheses: absolute difference between lowest and highest income groups): Denmark (52% points difference), Austria (45% points), Sweden (34% points), the Netherlands (34% points), Belgium (29% points), Switzerland (25% points), France (22% points), Ireland (17% points), Greece (14% points), Spain (13% points), Germany (13% points), and Poland (12% points). Column 2 of Table 2b shows SIIs for preventive dental visits. For all countries except Germany, Italy, Greece, and the Czech Republic, the parameter estimates are positive and statistically significant, which indicates increasing rates of preventive treatment alongside increasing income groups. For joint preventive and operative treatment, column 4 shows significant SIIs for all countries except Spain, Greece, Switzerland, Poland, and Ireland. All significant parameter estimates have a positive sign, with the only exception being the Czech Republic. Unlike the other columns of Table 2b , column 3 shows significant SIIs for only three countries. With increasing income classes, this identifies an increase in utilizing operative treatment for Spain and Poland, but a decrease for Denmark.
Absolute Inequalities
The Influence of Denture-wearing Fig. 1 shows pairwise t statistics for differences in CIs according to denture status. For dental attendance, it illustrates that CIs differ significantly between denture-wearers and their peers without dentures only in Denmark (higher inequality among denturewearers). For preventive treatment, CIs differ significantly only in France (higher inequality among denture-wearers) as well as Poland (lower inequality among denture-wearers). For operative treatment, CIs differ significantly only in Sweden and Belgium (higher inequalities among denture-wearers). For joint preventive and operative treatment, finally, Fig. 1 shows significant differences for Germany and Denmark (higher inequalities among denture-wearers) as well as Spain (lower inequality among denture-wearers). Fig. 2 shows pairwise t statistics for differences in SIIs according to denture status. Except for operative treatment, all SIIs have a negative value, indicating lower absolute inequality among denture-wearers. For dental attendance, statistical significance is corroborated for Austria, Sweden, the Netherlands, Denmark, Greece, Switzerland, Belgium, and the Czech Republic. For preventive treatment, significance is found for the Netherlands, Denmark, Belgium, and the Czech Republic, while for joint preventive and operative treatment, significance is corroborated only for the Netherlands. For operative treatment, finally, the t statistics have comparably inhomogenous signs and are never significant. figure 1. Pairwise t statistics for differences in CIs according to denture status and for dental attendance, preventive treatment, operative treatment, and preventive & operative treatment.
figure 2. Pairwise t statistics for differences in SIIs according to denture status and for dental attendance, preventive treatment, operative treatment, and preventive & operative treatment.
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The Influence of Retirement Status
Appendix Fig. 1 shows pairwise t statistics for differences in CIs according to retirement status. For overall dental attendance, it depicts no significant differences in CIs between retired and nonretired persons. For preventive treatment, CIs differ significantly only in France and Greece (higher inequalities among retired individuals). For operative treatment, CIs differ significantly only in France and Denmark (higher inequalities among non-retired persons) as well as in the Czech Republic and Poland (higher inequalities among retired individuals). For joint preventive and operative treatment, finally, Appendix Fig. 1 shows significant differences for CIs in Germany and Sweden (higher inequalities among retired persons), but higher inequalities among the non-retired in Spain. Appendix Fig. 2 shows pairwise t statistics for differences in SIIs according to retirement status. Statistically significant t statistics are indicated for dental attendance only in the Netherlands and Poland, i.e., in these two countries, the absolute income-related inequality in dental attendance is higher among non-retired in comparison with retired individuals.
DISCuSSIOn
On the basis of data from SHARE Wave 2, this paper describes income-related inequalities in utilization of dental services by Europeans aged 50 yrs and above. In terms of relative inequality, our findings indicate a disproportionate concentration of access to treatment among the rich elderly populations in all countries included in our study. In terms of absolute inequality, we similarly observe significantly higher access to treatment by individuals located in the highest income group compared with peers located in the lowest income group within all countries except Italy and the Czech Republic. While the magnitude of both relative and absolute inequalities varies across countries, there is no clear association (neither uniform nor diametrical) between the ranking of countries according to absolute and relative indices. For both measures of inequality, however, a huge proportion of differential utilization appears to be attributable to inequalities in preventive treatment either alone or in combination with operative treatment, but not to differential utilization of operative treatment alone. Overall, our study gives strong evidence for income-related inequalities in the utilization of dental services by several elderly populations residing in Europe.
There are many pathways through which such utilization patterns could materialize. First, there may exist cross-country differences in oral health status. For a majority of countries in our study, we observed reduced absolute inequalities for individuals wearing a denture, whereas relative inequalities proved independent of denture status. Even if denture-wearing may be considered only a proxy for oral health status, our results suggest that pro-rich inequalities persist despite reduced utilization margins due to deteriorated oral health. Second, there may be cross-country differences in treatment use between those still working and those who have retired. In this respect, our study provides some, albeit mixed, evidence: While absolute inequalities in dental attendance are reduced only for the retired in the Netherlands and Poland, differences in relative inequalities are never significant with respect to overall attendance. There are significant differences in relative inequalities regarding preventive and/or operative treatment in various countries. However, in some cases, such inequalities are higher among those still working, whereas in other cases they are higher among the retired.
Third, inequalities in utilization may be due to dissimilar dental insurance coverage inherent in different health care systems: Austria, Belgium, Germany, the Netherlands, France, the Czech Republic, and Poland finance health care mainly through social insurance contributions; Ireland, Denmark, Spain, Sweden, and Italy through taxation; Greece and Switzerland through out-of-pocket payments (Kaiser Family Foundation, 2009; Thomson et al., 2009) . However, there is no obvious association between these different financing arrangements and the inequalities found in our study. Identification of further explanations for inequalities among elderly populations in Europe is, therefore, left open for future research.
Some limitations surrounding our study should be noted. First, our analysis relies on cross-sectional data only and, thus, does not facilitate causal inferences (Flanders et al., 1992) . Therefore, it is not possible to disentangle the exact causes for and consequences of the income-related inequalities as observed in our study. As soon as further waves of SHARE become available in the future, this may better enable us to investigate how changes in institutional, economic, or cultural circumstances determine variations in dental treatment. Second, no adjustment was made for multiple testing. This may be relevant because the use of such statistical methods could-to some extent-challenge the interpretation of statistical significance (at the 5% level), specifically when considering comparisons between subsamples. Third, the data used are survey-based and thus may be affected somewhat by reporting bias. Nevertheless, since there is currently no comparable source of administrative data available, the Survey of Health, Ageing and Retirement in Europe provides a unique source for comparing inequalities in utilization of dental treatment.
In conclusion, this study is the first to investigate incomerelated inequalities in dental utilization of elderly populations residing in 14 European countries. Our findings suggest a considerably disproportionate concentration of access to treatment among the rich elderly populations in all countries (relative inequality according to CI), as well as significantly higher access to treatment by individuals located in the highest in comparison with the lowest income groups for all countries except Italy and the Czech Republic (absolute inequality according to SII). Such differential utilization appears mainly attributable to inequalities in preventive dental visits, either alone or in combination with operative treatment. More research is needed to identify the exact causes of such disparities.
